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Japanese Patent Laid-Open Publication No. Heisei 9-92775 

[TITLE OF THE INVENTION] 

Semiconductor Device 

[CLAIMS] 

1. A semiconductor device including a semiconductor 
chip, a lead frame having a size substantially equal to 
that of the semiconductor chip, the lead frame being bonded 
to a surface of the semiconductor chip by an adhesive layer 
interposed therebetween under the condition in which the 
lead frame is overlapped with the semiconductor chip, 
bonding wires adapted to bond inner leads included in the 
lead frame to the semiconductor chip, and a resin 
encapsulate adapted to encapsulate a region toward the 
surface of the semiconductor chip in such a fashion that it 
has a surface flush with a surface of each of outer leads 
included in the lead frame to expose the surface of the 
outer lead at the surface of the resin encapsulate, wherein 
each of the inner leads has a reduced thickness at a 
surface thereof in such a fashion that the bonding wire 
connected to the inner lead does not extend beyond the 
surface of an associated one of the outer leads, whereby 
the surface of the inner lead is lower than the surface of 
the outer lead by one step. 
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2. The semiconductor device in accordance with claim 
1, wherein the size of the lead frame is slightly larger 
than that of the semiconductor chip, and the resin 
encapsulate fills a gap defined between corresponding end 
surfaces of the semiconductor chip and the lead frame when 
the lead frame is laid on the surface of the semiconductor 
chip in an overlapped state. 

3. The semiconductor device in accordance with claim 
1 or 2, wherein the adhesive layer is disposed not only at 
a region where the inner leads are arranged, but also at a 
region where the outer leads are arranged. 

[DETAILED DESCRIPTION OF THE INVENTION] 

[FIELD OF THE INVENTION] 

The present invention relates to a semiconductor 
device using a lead frame, and more particularly to a 
semiconductor package having a thin and compact structure 
substantially equal in size to a semiconductor chip 
packaged therein. 

[DESCRIPTION OF THE PRIOR ART] 

In DRAMs (Dynamic Random Access Memories) having a 
large capacity, an LOC (Lead On Chip) structure is mainly 
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used which is capable of allowing a semiconductor chip 
having a large size to be packaged in a relatively small 
package, in order to meet a requirement of high-density 
mounting. However, the recent demand of an increased 
capacity has resulted in a requirement of compact 
semiconductor packages having a size reduced to a chip size 
level. Similarly, semiconductor packages for electronic 
appliances such as facsimile machines, personal computers, 
IC cards, and the like has been required to have a more 
compact structure in pace with the recent trend of those 
electronic appliances toward a compactness. Furthermore, 
such a compactness of a semiconductor package have been 
required with regard to not only the area occupied by the 
semiconductor package, but also the thickness of the 
semiconductor package. 

In order to meet such requirements, a semiconductor 
device has been proposed which is called a "CSP (Chip Scale 
Package)" (Japanese Patent Laid-open Publication No. Heisei 
6-132453) . In such a CSP package, each lead is partially 
exposed at the lower surface of the package. Referring to 
Fig. 7 illustrating a detailed structure of this CSP 
package, a lead frame 22 having the same size as that of a 
semiconductor chip 21 is bonded to the wiring surface of 
the semiconductor chip 21, that is, the surface 21a, in 
such a fashion that their corresponding edges are aligned 
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with each other, by means of an adhesive 23. Inner leads 
22a of the lead frame 22 are connected to the semiconductor 
chip 21 by means of bonding wires 24. In this state, an 
encapsulating process is carried out using a molding resin 
25. In this encapsulating process, the semiconductor chip 
21 is encapsulated by the molding resin 25 at its portion 
toward its surface 21a, thereby causing the surface 22c of 
each outer lead 22b to be exposed at the surface 25a of the 
molding resin 25. 

In this case, it is necessary to provide a stepped 
lead structure in order to prevent the bonding wires 24 
serving to connect the inner leads 22a to the semiconductor 
chip 21 from being protruded from the surface 25a of the 
resin 25 flush with the surfaces 22c of the outer leads 
15 22b. To this end, in this conventional example, the lead 
frame 22 is subjected to a down-setting process so that 
each inner lead 22a is lower than an associated one of the 
outer leads 22c by one step. 

2 0 [SUBJECT MATTERS TO BE SOLVED BY THE INVENTION] 

In accordance with the above mentioned conventional 
technique, compactness of a semiconductor package can be 
achieved with regard to not only the area occupied by the 
semiconductor package, but also the thickness of the 

25 semiconductor package. However, since this technique 
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provides a stepped lead structure by down-setting the lead 
frame, it requires a machining depth exceeding the lead 
thickness. For this reason, it is impossible to produce a 
package having a thickness less than the machining depth. 

Where the semiconductor chip 1 has the same size as 
that of a package to be produced, the package may have a 
minimized size. However, if the semiconductor chip 1 has a 
non-uniform size, it may be damaged by a mold during an 
encapsulating process using the molding resin. 

Furthermore, the lead frame may be in a state 
insufficiently fixed in a thickness direction at its 
portion near the outer leads during the encapsulating 
process because the bonding and fixing of the lead frame to 
the semiconductor chip is achieved at a portion of the lead 
frame near the inner leads. As a result, the molding resin 
may spread in the form of a thin film on the outer lead 
surface. In this case, it is necessary to shave off the 
resin film coated on the outer lead surface. 

An object of the invention is to solve the above 
mentioned problems involved in the prior art, and to 
provide a semiconductor device having a reduced package 
thickness. Another object of the invention is to provide a 
semiconductor device having a structure capable of 
preventing its semiconductor chip from being damaged during 
an encapsulating process using a molding resin. Another 
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object of the invention is to provide a semiconductor 
device having a structure capable of eliminating a 
requirement for its outer lead surface to be shaved off 
after an encapsulating process. 

[MEANS FOR SOLVING THE SUBJECT MATTERS] 

The present invention provides a semiconductor device 
including a semiconductor chip, a lead frame having a size 
substantially equal to that of the semiconductor chip, the 
lead frame being bonded to a surface of the semiconductor 
chip by an adhesive layer interposed therebetween under the 
condition in which the lead frame is overlapped with the 
semiconductor chip, bonding wires adapted to bond inner 
leads included in the lead frame to the semiconductor chip, 
and a resin encapsulate adapted to encapsulate a region 
toward the surface of the semiconductor chip in such a 
fashion that it has a surface flush with a surface of each 
of outer leads included in the lead frame to expose the 
surface of the outer lead at the surface of the resin 
encapsulate, wherein each of the inner leads has a reduced 
thickness at a surface thereof in such a fashion that the 
bonding wire connected to the inner lead does not extend 
beyond the surface of an associated one of the outer leads, 
whereby the surface of the inner lead is lower than the 
surface of the outer lead by one step. 
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In the semiconductor device of the present 
invention, the size of the lead frame may be slightly 
larger than that of the semiconductor chxp. In this case, 
the resin encapsulate fills a gap defined between 
5 corresponding end surfaces of the semiconductor chip and 
the lead frame when the lead frame is laid on the surface 
of the semiconductor chip in an overlapped state. 
Accordingly, it is possible to effectively prevent the 
semiconductor chip from being damaged. The adhesive layer 
10 may be disposed not only at a region where the inner leads 
are arranged, but also at a region where the outer leads 
are arranged. In this case, it is possible to prevent the 
molding resin from spreading on the outer lead surface. 

15 [PREFERRED EMBODIMENTS OF THE INVENTION] 

Hereinafter, preferred embodiments of the present 
invention will be described in detail in conjunction with 
the annexed drawings. Fig. 1 is a cross- sect ional view 
illustrating a CSP structure in which a lead frame 4 having 

2 0 the same size of a semiconductor chip 1 is bonded to the 
semiconductor chip 1. 

The semiconductor chip 1 is provided at its wiring 
surface, namely, a surface la, with bonding pads 2. These 
bonding pads 2 are arranged in the vicinity of the central 

25 portion of the surface la. The lead frame 4, which is 



7 



9-92775 



attached to the surface la of the semiconductor chip 1, has 
the same size as that of the semiconductor chip 1. The 
lead frame 4 includes inner leads 4a adapted to come into 
contact with the semiconductor chip 1, and outer leads 4b 
each serving as an external terminal. The attachment 
between the semiconductor chip 1 and lead frame 4 is 
achieved by overlapping the semiconductor chip 1 and lead 
frame 4 with each other in such a fashion that each end 
surface lc of the semiconductor chip 1 is aligned with an 
associated one of end surfaces 4d of the lead frame 4, and 
interposing a double-sided adhesive tape 3 between the 
overlapped semiconductor chip 1 and lead frame 4 . 

The lead frame 4 has a structure not bent, but having 
a reduced thickness at a desired portion thereof. That is, 
each inner lead 4a has a coining portion 5 having a 
thickness less than that of an associated one of the outer 
leads 4b. The coining portion 5 is formed by coining a 
surface of the inner lead 4a opposite to the bonding 
surface of the inner lead 4a, that is, a surface 4c. 
Accordingly, bonding wires 9, which connect the inner leads 
4a to bonding pads 2 of the semiconductor chip 1 
respectively, have a height lower than a surface of each 
outer lead 4b opposite to the bonding surface of the outer 
lead 4b, that is, the surface 4c. 

For the coining portion 5 of each inner lead 4a 
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arranged at a level lower than the surface 4c of the 
associated outer lead 4b by virtue of the above mentioned 
thickness reduction, a silver plating process is conducted 
to form a silver plating film 6. The coining portions 5 
5 formed with the silver plating films 6 are connected with 
the bonding pads 2 arranged near the central portion of the 
semiconductor chip 1 by means of the bonding wires 9, 
respectively. Since each coining portion 5 is arranged at 
a level lower than the surface 4c of the associated outer 

10 lead 4b by one step, the associated bonding wire 9 can be 
controlled to have a height lower than the surface 4c of 
the outer lead 4b. 

An encapsulating process using a molding resin is 
conducted at a region toward the surface la of the 

15 semiconductor chip 1, thereby forming a resin encapsulate 
8. The thickness of the resin encapsulate 8 is determined 
in such a fashion that the resin encapsulate 8 is flush 
with the surfaces 4c of the outer leads 4b at its surface 
8a. The inner leads 4a and bonding wires 9 are 

20 encapsulated by the resin encapsulate 8 so that they are 
protected. The surfaces 4c of the outer leads 4b are 
exposed at the surface 8a of the resin encapsulate 8. In 
order to reduce the area of the package while reducing the 
thickness of the package, the resin encapsulate 8 is 

2 5 prevented from extending beyond each end surface 4d of the 
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lead frame 4, each end surface lc of the semiconductor chip 
lc, and the surface lb of the semiconductor chip 1. 

Since the semiconductor package configured as 
mentioned above has a stepped lead structure formed using a 
coining process, it is unnecessary for its lead frame to be 
down-set. The semiconductor package has a thickness 
corresponding to the sum of the thickness of the 
semiconductor chip, the thickness of the double-sided 
adhesive tape, and the thickness of one lead sheet. The 
thickness of the semiconductor package can be minimized 
because the lead portion of the semiconductor package 
involves no machining depth, corresponding to at least two 
times the lead thickness, required in a down-set structure. 

In the fabrication of the above mentioned 
semiconductor package, the lead frame 4 used to fabricate 
the semiconductor package is arranged with respect to the 
semiconductor chip 1 in such a fashion that its resin dam 
bars 17 extend along the peripheral edges of the 
semiconductor chip 1 indicated by dotted lines in Fig. 2, 
so as to align each end surface 8b of the resin encapsulate 
8 with the associated end surface lc of the semiconductor 
chip l. The mold used in the fabrication of the 
semiconductor package has a size substantially equal to the 
size of the semiconductor chip 1. The resin encapsulate 8 
is molded only at a region toward the surface la of the 
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semiconductor chip 1 while being prevented from spreading 
on the surface lb of the semiconductor chip 1. Each resin 
dam bar 17 is cut along the associated, end surface 4d of 
the lead frame 4 . 

After molding, the resin dam bars 17 are cut from the 
mold, thereby achieving a separation of the leads 4a and 
4b. It is desirable that, prior to the cutting of the 
resin dam bars 17, a silver plating film 7 providing a good 
flowability of solder is formed on the surfaces 4c of the 
outer leads 4b exposed at the surface 8a of the resin 
encapsulate 8. The formation of the silver plating film 7 
may be conducted simultaneously with the formation of the 
silver plating film 6 on the coining portions 5 of the 
inner leads 4a. In this case, it is unnecessary to conduct 
an external solder plating process for the surfaces of the 
outer leads 4b. Accordingly, it is possible to reduce the 
costs. Also, there is an advantage in that the number of 
processes, which may damage the package after the 
completion of the molding process, is reduced. 

In accordance with the fabrication method according 
to the present invention, it is possible to use the 
fabrication process for LOC lead frames and the resin 
molding process associated therewith as they are or while 
partially eliminating them. Therefore, it is possible to 
obtain a package having a more compact and thinner 



9-92775 



structure while being equivalent in costs, as compared to 
conventional molded packages. 

In the semiconductor package structure shown in Fig. 
1, however, if the semiconductor chip 1 has a deviation in 
size, the mold may then damage a part of the semiconductor 
chip 1. This is because the package has the same size as 
the semiconductor chip 1 at its molding region. Such a 
problem can be eliminated by setting the molding region to 
have a size slightly larger than that of the semiconductor 
chip 1 . Where the lead frame 4 is fabricated to have a 
size slightly larger than that of the semiconductor chip 1, 
and the mold is constructed to have a size corresponding to 
a region defined by the resin dam bars 17 defining the 
slightly increased size of the lead frame 4, the mold does 
not come into contact with the end surfaces lc of the 
semiconductor chip 1 even when the semiconductor chip 1 has 
a deviation in size. Accordingly, it is possible to 
prevent the semiconductor chip 1 from being damaged. 
Although there is a gap G defined between each end surface 
4d of the lead frame 4 and the associated end surface lc of 
the semiconductor chip 1, this gap G is filled with the 
molding resin 11 during the formation of the resin 
encapsulate 8. Thus, the end surfaces lc of the 
semiconductor chip 1 are protected by the mold resin 11 
after the formation of the resin encapsulate 8. 
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Furthermore, in the semiconductor package structure 
shown in Figs. 1 and 3, if the lead frame is in a state 
insufficiently fixed in a thickness direction at its 
portion near the outer leads 4b by the double-sided 
adhesive tape 3 arranged at the inner lead region during 
the encapsulating process, the molding resin may spread in 
the form of a thin film on the surface 4c of the outer 
leads 4b. In this case, it is necessary to shave off the 
resin film coated on the surface 4c. The phenomenon of the 
molding resin spreading on the ou^er lead surface 4c can be 
effectively prevented by interposing a double-sided 
adhesive tape 13 having the same thickness as the double- 
sided adhesive tape 3 between the semiconductor chip and 
the outer leads 4b in the vicinity of the periphery of the 
15 package. A combination of the structures shown in Figs. 3 
and 4 may also be used. 

Although the silver plating film 7 is formed over the 
entire portion of the surface 4c of each outer lead 4b in 
the structure of Fig. 1, 3 or 4 , this may inevitably result 
2 0 in an increase in costs because of an increase in the 

amount of silver used. However, the amount of silver used 
can be reduced by reducing the area coated with the silver 
plating film, as indicated by the reference numeral 14 in 
Fig. 5. in this case, there is an advantage in regard to 
25 costs. The reference numeral 15 denotes an area plated 
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with no silver plating film. 

Fig. 6 illustrates an example in which a solder 
plating film 16 is formed on the surface 4c of each outer 
lead 4b. As described above, the formation of the solder 
plating film on the surface of the outer lead 4b inevitably 
involves an increase in the number of processes damaging 
the package. Of course, this is not avoided in the present 
invention. 

In the above mentioned embodiment of the present 
invention, a semiconductor chip was used which has a 
thickness of 0.3 mm. The lead frame used has a thickness 
of 0.15 mm. Also, the double-sided adhesive tape has a 
total thickness of 0.05 mm. The inner leads were subjected 
to a coining process to have coining portions having a 
thickness of 0.075 mm. Although the coining process was 
used as a method for reducing the thickness of the inner 
leads, a half -etching process may be used. Although the 
double-sided adhesive tape was used as a means for 
attaching the semiconductor chip to the lead frame, an 
2 0 adhesive may be simply used. 



[EFFECTS OF THE INVENTION] 

In accordance with the present invention, a stepped 
lead structure is provided by a reduction in the thickness 
25 of each inner lead. Accordingly, it is unnecessary to give 

a machining depth exceeding the lead thickness. Such a 
machining depth is required in the conventional method in 
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which a stepped lead structure is provided in accordance 
with a down-setting process. Thus, it is possible to 
produce a semiconductor package having a reduced thickness. 
Since the lead frame has a size slightly larger than that 
of the semiconductor chip in accordance with the present 
invention, it is possible to effectively prevent the 
semiconductor chip from being damaged by the mold. 

Moreover, it is possible to prevent the molding resin 
from spreading on the surfaces of the outer leads because 
the adhesive adapted to bond the lead frame to the surface 
of the semiconductor chip is also applied to the outer 
leads. Accordingly, it is unnecessary to shave off the 
outer lead surfaces. 
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